Abstract The purpose of this study is to investigate the impacts of climate change on the runoff of Gharehsoo River Basin in the northwest of Iran. In this research, the outputs of monthly precipitation and temperature data of PRECIS (Providing Regional Climates for Impacts Studies) model, a regional climate model with 50 9 50 km spatial resolution on the basis of B2 scenario, is used for the base and the future (2071-2100) periods. The output results of PRECIS show that the average temperature of the watershed increased up to 2-5°C, for the period spanning from 2070 to 2100. In addition, compare to the base period, we are expecting to receive more precipitation in future for the months of January, February, March, September and December. The artificial neural network (ANN) was applied to quantify the future discharge. The results show that in the future, the discharge of Gharehsoo River watershed decreases for all months. Moreover, the peak discharge in the future period happens 1 month earlier, due to increasing in the temperature and earlier start of snow melting season. Finally, 1 and 2°C increase in temperature lead to 0.05-8.2 % and 0.1-13.4 % decrease of average monthly discharge, respectively.
Introduction
Climate variability and change can influence the ecosystem, environment and water resources (Arnell 1998) . One of the most important impacts of climate change is the changes of regional and local available water (Arnell 1999) . Different studies have been performed on the impact of climate variability and change on water resources (e.g., Nash and Gleick 1991; Wilby et al. 1999; Arnell 1998; Yu et al. 2002; Huntington 2003; Ashouri et al. 2008; Javan et al. 2013) . The countries like Iran that are located in arid and semiarid regions of the world are continually faced with water resources shortage and scarcity. The Gharehsoo River watershed in this study is one of these basins which plays an important role in the agricultural and economic aspect in Iran.
There are many methods of assessing climate change impacts on water resources. One of these methods is the use of hydrological models and the output of global climate models (GCMs) (Watson et al. 1996) . One of the drawbacks of GCMs, however, is their coarse resolution. This issue can be overcome by using Regional Climate Models (RCMs). These factors can affect regional hydrological variables such as precipitation. Precipitation data, produced by these models, are more appropriate to be used as input to hydrological models (Gutowski et al. 2003) . There are many researches in the world about RCMs usages in hydrological studies (Kay et al. 2006a, b; Fowler and Kilsby 2007; Sujana and Asis 2009) . Akhtar et al. (2008) showed that estimate of runoff changes in three river watersheds in the Hindukush-Karakorum-Himalaya region are related to the climate change. In this study, the PRECIS Regional Climate Model was utilized for the simulation of future climate. The results showed that the precipitation and temperature will increase at the end of 21st century. Vicuna et al. (2011) indicated an analysis of the impacts of climate change on the hydrology of the Limari River watershed, located in Chile with using of a hydrological model and a PRECIS output. The results showed a decreasing in annual mean runoff. Preparation of RCMs output for using as an output in hydrological models is another work which should be done in continuance of these researches. There are many methods for preparing of precipitation and temperature data. In this study, we used Geostatistical methods in the ArcGIS software for spatial downscaling. Changes in downscaled temperature and precipitation series can be used to observed temperature and precipitation series by simple transformation rules. We refer to this method as the delta change method (Hay et al. 2002) . In the delta change method, an expected mean temperature change is added to the observed temperature record to obtain a future temperature time series.
Current methods of forecasting runoff fall into four categories: conceptual, metric, physical based and datadriven. Conceptual models incorporate simplified conceptualizations of hydrological processes (Chiew and McMahon 1994) . Metric models do not rely on hydrological features or processes but rather are based on unit hydrograph theory (Jakeman et al. 1990 ). Physical based rainfallrunoff models require considerable data and human effort to calibrate, validate, and test but are extremely useful in understanding the governing physics or processes ( VanderKwaak and Loague 2001) . Because of the limited resources associated with developing and calibrating conceptual, metric, and physics models (Kokkonen and Jakeman 2001) , data-driven hydrological methods have been widely adopted for forecasting runoff. Different studies demonstrated the ability of ANN for runoff simulation (Dawson and Wilby 2001; Han et al. 2007a, b; Bray and Han 2004; Nayak et al. 2005 Nayak et al. , 2007 . Zarghami et al. (2011) used of general circulation models (GCM) to predict the climate change and the three scenarios (A1B, A2 and B1) with the horizons 2020, 2055 and 2090. Their study revealed that the average annual temperature will increase 2.3°C and annual precipitation will decrease about 30 % in the middle of this century. Using the artificial neural network (ANN), a model was then built to simulate the impact of climate change on the runoffs in three watersheds. The results showed dramatic reduction in flows.
The major purpose of this paper is to discuss the impact of climate change on surface runoff for Gharehsoo River watershed by analyzing the characteristics of changing temperature and precipitation. The study is based on the data from seven climate stations in watershed, and methods wereused to prepare precipitation and temperature data based on the PRECIS model. Then ANN model is used to simulate the river runoff in the basin.
The study area
This study was directed for the watershed of Ardebil province in North-western Iran, which lies between latitude 37°to 38°N and longitude 47°to 48°E (Fig. 1) . The geographical information and the mean observed climate data for the 7 main synoptic stations of the province for the baseline years between 1951 and 2007 are depicted in Table 1 . The mean annual precipitation in this watershed (Table 1) is very little in comparison with world average of 800 mm. In recent years, the water shortage in Ardebil city (the capital of the province) that used in excess of water resource for agricultural province and industry consumptions, become a serious problem for this province. There are very strict conflicts on using its recharge sources as well as new water transfers which are limited. The water providing to the cities is now more vulnerable, and the Ardebil Regional Water Company needs to notice the future trend lines of the climate and their impacts on the water resources. This data help them to understand the extent of uncertainties and the real threats, which they face in future years. The purpose of this research is therefore to predict the climate change and its impact on the water resources for this regional.
Methods
The algorithm of this study is presented in Fig. 2 . It has two important stages: first, it prepares the future meteorological data for the study region under a specific climate change scenario, and second, it evaluates the impacts of climate change on Gharehsoo River watershed by using the ANN approach. Each section is described in details in the followings.
Climate data by PRECIS and preparation
Despite the increase in the resolution of GCMs, they cannot yet predict meteorological variables for small watersheds. Different dynamic and statistical models have developed to downscale the GCM outputs (Zarghami et al. 2011 ). The PRECISmodel is a RCMthat it was developed by the Hadley center on the basis of the atmospheric of HadCM3 (Gordon et al. 2000) to generate high resolution climate change scenarios,which was described in Jones et al. 2004 . The PRECIS simulated region with a horizontal resolution of 50 9 50 km. The base climate and future climate SRES B2 scenario (2071-2100) have been selected. There is enough overlap between the base period and the range of historical observations to consider that their aggregated statistics should represent the same conditions. Moreover, statistical analysis of the temperature and precipitation series depict that their standard deviation and mean increased for both periods, which are statistically indistinguishable at the 93 % confidence level. For downscaling data we used interpolation methods for preparation precipitation and temperature patterns. Utilizing interpolation methods to estimate hydrological parameters can increase the accuracy of rainfall-runoff calculations (Johnston et al. 2001) . These methods include inverse distance weighting (IDW), Global polynomial, Local polynomial, radial basis functions (RBF), Ordinary Kriging and Simple Kriging. The cross validation technique utilized for identification of the best interpolation technique. The delta change method has been applied in many climate change impact studies in the past (see e.g., Available data (years) 1951-2007 1975-2007 1994-2007 1969-2007 1960-2007 1960-2007 1975-2007 Mean Arnell 1999; Gellens and Roulin 1998; Middelkoop et al. 2001; Akhtar et al. 2008) . In this method, the observed meteorological time series were adapted with simulated monthly climate change from PRECIS. The observational database used for delta change method covers the period . The future daily temperature (T f;daily ) and daily precipitation (P f;daily .) time series are generated by Eqs. (1) and (2), respectively.
where T o;daily is the observed daily temperature, P o;daily is the observed daily precipitation, T f;monthly is the mean monthly PRECIS simulated future temperature, T p;monthly is the mean monthly PRECIS simulated present temperature, P f;monthly is the mean monthly PRECIS simulated future precipitation and P p;monthly is the mean monthly PRECIS simulated present precipitation.
Artificial neural network (ANN)
The ANN technique has attracted a great deal of attention due to its pattern recognition capabilities. ANNs with one hidden layer are commonly used in hydrologic modeling (Dawson and Wilby 2001; De Vos and Rientjes 2005) since these networks are considered to provide enough complexity to accurately simulate the nonlinear-properties of the hydrologic process.
A FFNN consists of at least three layers, input, output and hidden layers (Hagan and Menhaj 1994; Hagan et al. 1996) . The transfer function used in this study is the Sigmoid Function. The sigmoid transfer function allows nonlinearity to be introduced in the neural network processing and is broadly used in ANN modeling (Shamseldin 1997) .
The input signals presented to the system in input layer are processed in forward through to the hidden layer. The input signal can be a single signal or an array of signals, whereas the output signal is typically single. The summation of weighted input signals is transferred by a nonlinear activation function. The response of network is compared with the actual observation results and the network error is calculated. The error of network is propagated backwards through the system and the weight coefficients updated (Fig. 3) .
The most common ANN network is the feed-forward network, which uses the back-propagation algorithm for calibration (Bougadis et al. 2005) . The number of neurons contained in the input and output layers, which are determined by the number of input and output variables of a given system. The size or number of neurons of a hidden layer is an important consideration when solving problems using multilayer feed-forward networks. If there are fewer neurons within a hidden layer, there may not be enough opportunity for the neural network to capture the intricate relationships between indicator parameters and the computed output parameters. Here, we used three-layer FFNN with one hidden layer and the common trial and error method to select the number of hidden nodes. Too many hidden layer neurons not only require a large computational time for accurate calibrating, but may also result in overtraining. A neural network is said to be ''overtrained'' when the network focuses on the characteristics of individual data points rather than just capturing the general patterns present in the entire calibrating set.
Understanding the temporal relationship between climatic variables and runoff is fundamental to the model development. To predict one lead day runoff Q (t?1) , different variants of input variables are considered. The best MLP architecture is chosen according to MSE criterion. Therefore a total number of six variables were identified as inputs (Eq. 3).
Q t ¼ f ðP tÀ1 ; P tÀ2 ; P tÀ3 ; P tÀ4 ; T tÀ1 ; T tÀ2 Þ ð 3Þ
After the appropriate input vector was identified, the network was trained to predict future data based on past and present data. In the present study, the input and output variables are first normalized linearly in the range of 0 and 1, the normalization is done using the following equation:
where X is the standardized value of the input, X is the original data set, X min and X max are respectively, the minimum and maximum of the actual values, in all observations. The main reason for standardizing the data matrix is that the variables are usually measured in different units. By standardizing the variables and recasting them in Fig. 3 A three-layered FFNN with a back-propagation calibrating algorithm (Chang et al. 2010) dimensionless units, the arbitrary impact of similarity between objects is removed. 
Results and discussion
Future changes in precipitation and temperature Figure 6 shows the average of 30 years of monthly temperature data in Ardabil station for the base (solid line) and future (dash line) periods. As it is shown, this scenario forecasts that temperature increased in Ardabil station for all seasons. Temperature increases 2-4°C in winter, 2-5°C in spring, 3-5°C in summer and 2-4°C in autumn. Maximum temperature will happen in July and the Minimum temperature will take place in January. Figure 7 shows the average of 30-years monthly precipitation in Ardabil station for base and future periods. Future precipitation is more than the base precipitation on January, February, March, September and December.
The PRECIS model forecasts maximum precipitation that happens on February and minimum on July. It is concluded that climate change impacts on climate variables such as precipitation and temperature in Gharehsoo River watershed for future; although according to Figs. 4 and 5, the impact of climate change on temperature would be more than precipitation. Comparison between observed data and the PRECIS model simulated data of the base period demonstrated that there is an appropriate similarity between these two data sets; so that, the base data sets of the PRECIS model could be used for runoff simulation using ANN during the base period. Statistical analysis of precipitation and temperature data series (observed and output data of the PRECIS model) shows that these two time series had approximately the same mean and standard deviation. In order to prepare base monthly precipitation and temperature patterns, different geostatistical methods are compared to each other using cross validation technique. The sample of precipitation pattern in January of 2100 is shown in Fig. 8 .
Future discharge results
After calibration and validation of ANN model to the watershed, PRECIS model base and future data series used as the input to ANN model. Table 2 shows the difference between monthly discharge for base ) and future (2071-2100) periods. Except April, monthly discharges of future period decrease in all of the months. The differences between monthly discharge of base and future periods in summer months are more than the other months; this is because of increase of future temperature and evapotranspiration and decrease of future precipitation in the warm months in comparison with base data. The least discharge difference is 37 %, which takes place on April. The same changes for the precipitation and temperature for seven stations are used the PRECIS model and geostatistical methods. The results show that RBF and IDW methods can be utilized for preparation of precipitation and temperature patterns. Figure 9 shows monthly discharge in the future and base periods. Temperature changes mostly affect the timing of runoff. Increasing temperatures lead to earlier runoff in spring, and reduced flows in summer and autumn-at least in the absence of changes in precipitation. Generally, results show that in the future, the discharge of Gharehsoo River watershed would decrease for all months. It might cause problem for agriculture of studied region; because, Gharehsoo watershed is one of the most important regions for production of crops in Iran and plays an important role in economic growth and food.
The data can showed by aridity indexes and These indices are quantitative indicators of the degree of the water deficiency that is present at a given location (Ranjan et al. 2006) . A modified aridity index of De Martonne (1926), which requires minimal data, is used here as: Based on Table 3 , the De Martonne aridity index will significantly decrease in the last years of the century, it will be reduced by up to 45 %. This result showed that the climate of the province will change from semi-arid to arid at the end of this century that will be worrying for in province future. 97 -23.41 -27.38 -14.82 -7.07 -6.89 -3.42 -19.58 -26.07 Percent of changes -10. 80 -24.31 -28.84 3.70 -28.43 -35.18 -39.37 -43.12 -84.86 -52.89 -60.52 -33.23 Sensitivity analysis
In this section, the sensitivity of precipitation and temperature to runoff is investigated. Sensitivity analysis is performed in four hypothetical scenarios for future climate (Table 4 ). In two hypothetical scenarios, the precipitation is increased and decreased 20 %. In the other scenarios, the temperature is increased 1 and 2°C. Results of sensitivity analysis are exhibited in Fig. 10 . It is obvious that 1 and 2°C increase of temperature lead to 0.05-8.2 % and 0.1-13.4 % decrease of average monthly discharge, respectively. In addition, Fig. 10 exhibits that monthly discharge increase 2.3-35.2 % due to 20 % increase of precipitation. Similarly, monthly discharge decreases 1.4-29.4 % due to 20 % decrease of precipitation. The results of Fig. 8 show that the runoff of Gharehsoo River has a stronger response to the increase of precipitation than to the increase of temperature, specially in spring season. These results are consistent with the fact that the variation of precipitation increase is much greater than the temperature change during spring and the total volume increase in basin flow is largely contributed by the precipitation other than the effect of evaporation and melting of Sabalan mountain snows. However, the impact of temperature and evaporation becomes more ditincted in the dry periods. 
Conclusion
This study presents a method for modeling the impact of climate change on runoff prediction and demonstrates the advantage of using ANNs model for simulation such nonlinear hydrologic behavior. In this research, different geostatistical methods were utilized for estimation of future patterns of precipitation and temperature. The PRECIS as a regional climate model was utilized to produce climate data of base and future (2071-2100) periods based on B2 scenario with 50 9 50 km 2 resolution. The capability of RCM'sin simulating the magnitude and spatial variability of current temperature and precipitation over the Gharehsoo River watershed was investigated. In addition, by combination of base and future precipitation and temperature data with the help of geostatistical methods, the future patterns for monthly precipitation and temperature extracted. The comparison between base and future monthly precipitation and temperature data showed that the future precipitation is more than the base precipitation on January, February, March, September and December. Moreover, future temperature increases 2-4°C in winter, 2-5°C in spring, 3-5°C in summer and 2-4°C in autumn. The base and the future precipitation and temperature data were prepared to validate ANN model for the simulation of monthly runoff in the base and future periods. The results show that in the future, the discharge of Gharehsoo River watershed decreases in the all of months. In addition, the peak discharge in the future period happens 1 month earlier, because of increase of temperature and earlier beginning of snow melting season. Finally, the sensitivity of precipitation and temperature to runoff was investigated. The results showed that 1 and 2°C increase of temperature lead to 0.05-8.2 % and 0.1-13.4 % decrease of average monthly discharge, respectively. In addition, monthly discharge increases 2.3-35.2 % and decreases 1.4-29.4 % due to 20 % increase and decrease of precipitation, respectively. Discharge changes (%) Months - Fig. 10 Results of sensitivity analysis of mean monthly runoff to the precipitation and temperature in the Gharehsoo River watershed
